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The CEnNS process
Coherent Elastic n-Nucleus Scattering:   nA→nA : 

- neutrino scatters with low momentum transfer coherently,
elastically from entire nucleus.  For large nucleus, R

N
~few fm,

coherence requires:

Cross section is big and goes as A2  ....

... but recoil energy is small:

... so, alas, CEnNS  has never been measured 
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CEnNS on 40Ar
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CEnNS physics
The physics is rich and relevant 
- Dark Matter: Important background for 10-ton scale searches
- Supernovae: Expected to be important in core-collapse SN and possible SN detection channel. 
- n oscillations:  A possible n

s
 detection reaction

- Standard Model tests:  sin2 q
w 

 perhaps

Possible related/additional 
physics topics:
- n-induced neutrons, 
  gammas, fission
- low-mass DM search with 
same detectors (large mass near
hot sources)



2/5/15 R. Tayloe,WINP 6

How to measure CEnNS
Need:   

- intense ~50 MeV n source
- sizable (10-1000 kg),  

         low-threshold (~10keVnr) detector
- control, understand, measure

         (and repeat) backgrounds

- Current efforts using p DAR beams in US:  
   - COHERENT (ORNL) using SNS  
   - CENNS (Fermilab) using BNB

(not covering reactor/rad. source n exps)

ORNL - SNS

Fermilab - BNB

A phased approach is wise, eg:
- measure, control backgrounds
- discovery of CEnNS

       - measure, control backgrounds,
  optimize detector(s)
- high-precision measurement of

         CEnNS
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Collaborations
- COHERENT, 
  focused on SNS efforts

- CENNS, 
  Fermilab effort

- much crossover, 
cooperation 
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Sources for CEnNS
BNB at Fermilab: 
  - 8 GeV protons@~5Hz 
  - ~1E-5 duty factor (w/t

m
) 

  - up to 32kW beam power
  - built for p DIF (~1GeV n) to MiniBooNE
  - substantial  p DAR flux at ~90° with low
    DIF flux

- open space ~5m from target (~10m with
shielding, building etc)



2/5/15 R. Tayloe,WINP 10

BNB at Fermilab:
- background  measurement + simulations indicate ~5m of shielding 
needing for beam related neutrons  (also enough for beam-unrelated bkgs)

- need to verify
this with SciBath+
prototype shielding
design.

- planning to do in
summer '15

- (also of interest
to CAPTAIN exp)

Sources for CEnNS
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SNS at ORNL:  
- ~1GeV protons@60Hz
- ~1E-4 duty factor (w/t

m
)

- up to ~1.4MW beam power 

 - built for spallation neutron prod. 
with Hg target
- large  p DAR flux at with low DIF flux

- multiple sites (with varying floor/head space) 
at 15-20m inside building...
- and starting at 30m outside...

Sources for CEnNS
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SNS at ORNL:  
- many recent neutron background
measurements..
- indicate low backgrounds in several 
candidate locations 

Sources for CEnNS
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sensitivity
Fermilab effort:

- 500kg miniCLEAN provides ~100 CEvNScevents/year

- 1 year-ton provides 7s discovery
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errors
Fermilab effort:

- 500kg miniCLEAN provides ~100 CEvNScevents/year

- 1 year-ton provides 7s discovery
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detector technology
SNS:    
     CsI

- eventually ~14kg
- ~7 keVnr energy threshold
- ~500 events/yr@20m
- possible first obs at SNS

- 2kg currently deployed at SNS and running at
20m location, studying backgrounds esp NIN
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detector technology
SNS:    
  NaI
- possibility of ~few tons of NaI, portal monitoring, 
detectors,   ~70 keVnr threshold

- under study for a possible early measurement
 (or active shielding.. perhaps?)
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detector technology
SNS:   
   Ge

- eventually ~20kg
- ~1 keVnr energy threshold
- ~2000 events/y

       - possible redeployment of MJD at SNS ~10kg
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more detector technology
at SNS:
  LXe, LAr

- First: 2-phase LXe, ~100kg, in 
borehole at ~45m

- Later: ~1ton,1-phase LAr/NE
for longer term measurements

- or perhaps ~10kg LAr up close,
  soon?
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Summary of efforts
at Fermilab/BNB and ORNL/SNS:

SNS: 
 - high flux near detector with low n backgrounds encouraging,
 - first neutrino measurements but large open space is a challenge
 - initial tests with compact detectors  could discover CENNS
 - Cost: ~$2-3M, Timescale 2015 for first results

Fermilab: 
- flux from BNB lower, but proximity to target/source can perhaps offset
- open space may be more easily obtained for larger detectors
- Cost ~$2M, Timescale 2018 for first results with miniCLEAN detector

- 2 strong efforts on existing DAR sources
- investments made from those labs and other supporting institutions
- much progress in last few years to  apply det. tech and understand backgrounds
- discovery within few years possible with more support
- then to an exciting physics program 

Thanks to all who provided material for this talk.!
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Extras
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